Oncology, shandong cancer hospital and institute, 3 school of Medicine and life sciences, University of Jinan-shandong academy of Medical sciences, Jinan city, shandong province, People's republic of china Background: Although accumulating evidence suggests peripheral blood lymphocyte-to-monocyte ratio (LMR) could act as a prognosis predictor in various tumors, the prognostic value of LMR still remains controversial. We carried out this meta-analysis to evaluate the association of pretreatment LMR with survival outcomes in patients with solid tumors. Methods: Eligible studies were collected and extracted by searching PubMed and Embase databases up to June 3, 2015. The pooled hazard ratios (HRs) and their 95% confidence intervals (CIs) were computed to assess the prognostic value of LMR quantitatively. Results: Eighteen studies with a total of 8,377 participants were enrolled in this meta-analysis. Our findings indicated that elevated pre-treatment LMR predicted a significantly favorable overall survival (HR=0.59, 95% CI: 0.53-0.67) and disease-free survival (HR=0.74, 95% CI: 0.68-0.80) in solid tumor patients. Subgroup analyses revealed that enhanced LMR was significantly associated with favorable overall survival in patients with digestive system cancers (HR=0.63, 95% CI: 0.49-0.81), urinary tract tumors (HR=0.66, 95% CI: 0.52-0.84), lung cancer (HR=0.62, 95% CI: 0.54-0.72), and nasopharyngeal carcinoma (HR=0.50, 95% CI: 0.43-0.57).
Introduction
Cancer has been an enormous burden in our society and it is one of the leading causes of death in both developing and developed countries. There were approximately 14.1 million new cancer cases and 8.2 million cancer-related deaths in 2012 worldwide. 1 Although the diagnostic and therapeutic approaches have improved in the past decades, cancer patients still have an unsatisfying prognosis mainly due to local recurrence and distal metastasis. 2 Therefore, it is of great significance for us to identify a practical biomarker to determine the optimal therapeutic strategies and predict the prognosis of cancers.
It is widely accepted that systemic inflammatory response plays a crucial role in the pathogenesis and progression of cancers. 3, 4 Several systemic inflammatory indicators, such as platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), and neutrophil-to-lymphocyte ratio (NLR), have been explored to predict the prognosis in a wide variety of tumors. [5] [6] [7] [8] Among these predictors, lymphocytes are considered to play the crucial roles in the antitumor immunological reaction. An elevated pre-treatment lymphocyte count has been reported to be connected with the good prognosis of patients with Hodgkin lymphoma and non-small cell lung cancer. 9, 10 Monocytes can secrete a variety of proinflammatory cytokines, such as submit your manuscript | www.dovepress.com
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Teng et al tumor necrosis factor-alpha (TNF-α), interleukin-1 (IL-1), and interleukin-6 (IL-6), which are associated with poor prognosis in cancer patients. 11 Therefore, LMR, calculated as a simple ratio between lymphocyte and monocyte, may be a better prognostic factor for hematologic malignancies and solid tumors. 9, 10, [12] [13] [14] [15] [16] [17] However, the prognostic value of LMR for solid tumors patients remains controversial. Some studies revealed that the elevated pre-treatment LMR level was associated significantly with favorable prognosis for patients with solid tumors, such as gastric cancer, 6, 16 pancreatic cancer, 8 lung cancer, 10, 12 nasopharyngeal carcinoma, 14, 15 and so on. 13, 18 Other studies had different views on this conclusion. 5, 6, 19, 20 Hutterer et al's 19 research showed that LMR was not an independent prognostic factor for renal cell carcinoma patients' overall survival (OS) in multivariate analysis. A similar result was found for patients with gastric cancer in Deng et al's 6 study. Therefore, we embarked on this meta-analysis to shed light on the association between LMR and the survival of patients with solid tumors.
Materials and methods search strategy and eligible criteria
A systematic literature search was carefully performed by using PubMed and Embase databases (updated on June 3, 2015) . The search keywords were shown as follows: "lymphocyte monocyte ratio", "lymphocyte to monocyte ratio", "lymphocyte-monocyte ratio", "lymphocyteto-monocyte ratio", "LMR" and "cancer", "carcinoma", "neoplasm", and "tumor". Searches were supplemented by scanning the references of selected articles. If there were overlapping and duplicate datasets detected on the same patient cohort, only the most informative or most recent report was involved in the analysis.
Studies selected in this meta-analysis need to satisfy the following criteria: (1) it researched on the patients with solid tumors; (2) it investigated the association between LMR and OS or disease-free survival (DFS); (3) LMR was calculated from peripheral blood cell count before any treatment was administered. Studies were excluded if they had any of the following items: (1) letters, case reports, conference abstracts, laboratory studies, or reviews; (2) study without sufficient data to extract the HR and its 95% CI; (3) LMR measured after anticancer treatment; and (4) duplicate publications.
Data extraction and qualitative assessment
The following information was independently extracted from each eligible study by two investigators (JJT and TYZ): first authors' surname, publication year, sample size, country of origin, median age, types of diseases, disease stage, tumor grade, treatment strategy, follow-up, cut-off values, HR, and 95% CI of LMR for survival outcomes. The authors discussed to reach a consensus when there was disagreement. If the results were reported by both univariate and multivariate analysis, we choose the latter because it was more precise due to consideration of the confounding factors.
The quality of selected studies was independently evaluated by two reviewers (JJT and TYZ) according to the Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomized studies in meta-analyses. 21 Each study was judged from three broad perspectives, namely selection, comparability, and outcome. The score was obtained by using a "star system", and studies with scores of 6 or more were considered as high quality.
Data analysis
The aggregated HRs and 95% CIs were used to evaluate the impact of LMR on OS or DFS. The statistical variables were directly extracted from the study, or calculated from available numerical data based on the method suggested by Tierney et al. 22 An observed HR less than 1.0 implied a better prognosis in patients with high LMR. We performed the chi-square-based Q-statistic test and calculated the I-squared (I 2 ) statistic to assess the interstudy heterogeneity. A fixed-effects model was selected if the heterogeneity among the enrolled studies was not significant (P.0.05 for the Q-test and I 2 ,50%). Otherwise, a random-effects model was applied. Publishing bias of literatures was assessed by using the Begg's funnel plot and Egger's linear regression test. All P-values were two-tailed, and P,0.05 was considered to be statistically significant. Statistical analyses were conducted using Stata package version 12.0 (StataCorp LP, College Station, TX, USA).
Results
study selection and quality
According to the literature search methods as described earlier, a total of 1,283 studies were initially selected. After removing the duplicates, 743 studies were identified. However, 702 irrelevant studies were excluded by screening the title and abstract. Because this approach was not informative, 41 full-text articles were reviewed for further evaluation. In this process, we selected 18 studies and excluded 23 studies. Among these excluded studies, 15 were excluded because they reported the prognostic value of other inflammation index but not LMR-specific data; three were excluded, because the data of HR and 95% CI OncoTargets and Therapy 2016:9 submit your manuscript | www.dovepress.com
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Prognostic value of lymphocyte to monocyte ratio in solid tumors were not available; two were excluded, because the survival outcomes did not focus on OS or DFS. Three other studies were also ineligible, because the LMR involved was measured after treatment. Finally, 18 studies [6] [7] [8] 10, [12] [13] [14] [15] [16] [18] [19] [20] [23] [24] [25] [26] [27] [28] were enrolled in our meta-analysis. The flowchart of the studies selection process is shown in Figure 1 . The quality score evaluated by the NOS ranged from 6 to 8 with a mean value of 6.7.
characteristics of the included studies
The main characteristics of the 18 enrolled studies are shown in Table 1 [26] [27] [28] Among the 18 enrolled studies, 13 studies evaluated Asian populations, and five evaluated Caucasian patients. The LMR cutoff values ranged from 2.14 to 5.22 and were identified with different methods among studies: 13 studies using receiver operating characteristic (ROC) curve analysis, four using the median LMR of the patient group, and one using log-rank test. Nine studies enrolled more than 300 patients, and nine studies enrolled less than 300 patients. All studies used the white blood cell counts based on pre-treatment laboratory data to calculate LMR. For all patients who underwent surgical treatment, LMR was measured preoperative. The effect of pre-treatment LMR on survival outcomes in all studies was assessed by multivariate analysis.
Meta-analysis results relationship between lMr and Os
For 16 studies evaluating the correlation between LMR and OS, there appeared to have an overall moderate but not statistically significant level of heterogeneity (I 2 =44.7%, P=0.024). Hence, a random-effects model was applied to pool the HR and its 95% CI ( Figure 2 ). We found that an elevated pre-treatment LMR predicted a significantly favorable OS with combined HR of 0.59 (95% CI: 0.53-0.67, P,0.001) ( Table 2) .
To minimize the influence of heterogeneity, we further conducted seven subgroup analyses based on ethnicity, LMR cut-off value, sample size, median age, type of cancers, and tumor stage/grade ( (Figure 3 ). In the subgroup of the LMR cut-off value, merging eight studies of cut-off value .3 indicated that increased LMR was significantly associated with enhanced OS (HR=0.63, 95% CI: 0.54-0.73, random-effects model; I 2 =55.0%). The same outcome was also shown in meta-analysis of studies of cut-off value #3 (HR=0.53, 95% CI: 0.46-0.61, fixedeffects model; I 2 =0.0%). In the subgroup of sample size, we found that no matter the sample size .300 or ,300, high LMR level was still a favorable predictor for OS (HR=0.63, 95% CI: 0.54-0.73, HR=0.55, 95% CI: 0.48-0.64, respectively). When stratified by tumor stage, we found that 
.61
(147) 
relationship between lMr and DFs
For eight studies evaluating DFS, a fixed-effects model was used in that there was no significant heterogeneity among them (I 2 =44.2, P=0.073). The pooled HR was 0.74 (95% CI: 0.68-0.80) (Figure 4 ), which indicated that high LMR level was significantly connected with favorable DFS. Similar to OS analyses, subgroup analyses stratified by ethnicity, LMR cutoff value, sample size, median age, type of cancers, and tumor stage/grade were also conducted. As shown in Table 2 , the pooled outcomes indicated that high LMR was also significantly associated with favorable DFS in all subgroup analyses.
heterogeneity analysis
To explore the most possible sources of heterogeneity in the OS meta-analysis, a sensitivity analysis was performed by removing one study each time and evaluating the pooled HRs again. We found that Deng et al's 6 study distinctively influenced the overall results ( Figure 5A ). When we removed this study from the analysis, the heterogeneity became insignificant (P=0.298, I 2 =13.6%), whereas the pooled outcome still indicated that LMR was a favorable predictor for OS (HR=0.58, 95% CI: 0.53-0.62). Consequently, we considered that Deng et al's study was responsible for the heterogeneity. We also performed a meta-regression to explore the potential factors that lead to heterogeneity in the OS meta-analysis. As a result, factors including published year (P=0.72), ethnicity (P=0.52), tumor type (P=0.92), median age (P=0.23), tumor stage (P=0.52), tumor grade (P=0.55), and sample size (P=0.28) did not significantly contribute to the heterogeneity, whereas LMR cutoff value (P=0.07) was perhaps the source of heterogeneity. In the DFS studies, 6, 7, 12, 14, 20, 24, 27, 28 we also conducted a sensitivity analysis. The result showed that no individual study significantly affected the pooled outcome ( Figure 5B ).
Publication bias
We assessed a publication bias of the enrolled studies by using the Begg's funnel plot and Egger's test. In the analyses of OS, the funnel plots seemed symmetrical ( Figure 6A ). The P-value of Begg's and Egger's tests was 0.34 and 0.54, respectively. Hence, no proof of significant publication bias was detected for OS. However, the asymmetric funnel plots ( Figure 6B ) and the result of Egger's test (P=0.03) indicate a potential publication bias for DFS. 
P-value
Model
37.3
Note: *represents a mixed group including both no-metastatic and metastatic diseases. Abbreviations: CI, confidence interval; DFS, disease-free survival; HR, hazard ratio; NPC, nasopharyngeal carcinoma; OS, overall survival.
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Discussion
During the past few years, many kinds of predictors have been found and applied for predicting solid tumors outcomes, including inflammatory factors. Many tumors may rise from the sites of chronic irritation, infection, and inflammation. 29 Inflammation is a key component of cancer progression. Cancer-related inflammation also aids malignant cells proliferation and promotes tumor-correlated angiogenesis and metastasis. 4 As important inflammatory markers, lymphocytes and monocytes have been independently connected with the prognosis of various malignant neoplasms. 30, 31 The pre-treatment LMR potentially balances the effects of lymphocytes, and monocytes makes it a useful prognostic factor. Moreover, because pre-treatment hematological tests are routinely measured in the clinic, LMR seems to be an easily obtained, inexpensive, and a robust predictor.
To the best of our knowledge, our meta-analysis is the first systematic study to determine the prognostic value of LMR in patients with solid tumors. Our combined results showed that elevated LMR was associated with favorable OS and DFS. Furthermore, subgroup analyses were performed based on types of cancers, ethnicity, cut-off value, median age, sample size, and tumor stage/grade. We found that elevated LMR was a favorable predictor for both Asians and Caucasians, but the association in Caucasians was stronger than that in Asians. We also showed that high LMR was connected with favorable OS and DFS in patients diagnosed with digestive system cancers, as well as nasopharyngeal carcinoma and lung cancer. Similar results were also shown in other six subgroup analyses. Therefore, LMR is a promising prognostic biomarker that can be used to estimate survival outcomes of solid tumor patients. To find the potential sources of heterogeneity in studies for OS, sensitivity analysis and meta-regression were conducted. Result of the sensitivity analysis indicated that the study of Deng et al 6 was responsible for the heterogeneity. Deng et al's study assessed the prognostic value of NLR, derived (dNLR), PLR, and LMR in patients with gastric cancer. It found that elevated LMR was significantly associated with enhanced OS in univariate analysis but insignificantly in multivariate analysis. The insignificant prognostic effect of elevated LMR in this study perhaps induced a negative result in our metaanalysis. The result of meta-regression showed that LMR cut-off value may be the potential sources of heterogeneity. Studies included using different methods to explore the LMR cut-off value. However, subgroup analyses demonstrated that LMR was an effective prognostic factor, regardless of the cut-off value .3 or #3.
At present, the exact mechanism of the prognostic value of LMR in solid tumor patients is poorly understood. Several underlying mechanisms for this association are listed as follows. First, lymphocytes as crucial components of host immunity play important role in the antitumor immunological reaction by inducing cytotoxic cell death and inhibiting tumor cell proliferation and migration. 4, 29 Previous studies have reported that tumor-infiltrating lymphocytes are associated with favorable prognosis in patients with various carcinomas. 31, 32 Infiltrated CD4 + and CD8 + T cells are essential to the antitumor immunological reaction and can induce tumor cell apoptosis via interaction among each other. 33, 34 However, systemic inflammation response from malignant cells could cause immunosuppression, for which tumor cells can escape host immune surveillance. 35 A low lymphocyte count has been found in many human neoplasms, and it is often associated with worse clinical outcomes, which may be due to the depressed lymphocyte-mediated immune response to the tumor. 36 On the other hand, macrophages derived from circulating monocytes show specific phenotypic characteristics. Increasing evidence demonstrated the high density of tumor-associated macrophages in a wide spectrum of tumors is associated with increased tumor-correlated angiogenesis, invasiveness, and poor outcomes. 37 Macrophages may enhance tumor development and angiogenesis by releasing TNF-α, vascular endothelial growth factor, and epidermal growth factor. 38, 39 As mentioned earlier, LMR combined with the effects of lymphocyte and monocyte may be a stronger predictor of prognosis for cancer patients.
Although the present meta-analysis showed that high LMR level was associated with favorable outcomes, the results should be interpreted cautiously for several limitations identified in our study. First, there was some heterogeneity among included studies. Heterogeneity might be caused by the differences in age, sex, ethnicity, sample sizes, types of the tumors, disease stage, treatment received, cut-off values of LMR, durations of follow-up, and other factors. Despite a random-effects model was applied, the factor and study found responsible for heterogeneity should be paid attention to while considering the related conclusions. Second, several HRs and 95% CI were calculated from available numerical data in the studies, which may bring minor deviations. Third, the cut-off value of LMR applied in the enrolled studies was not unified. Fourth, the eligible studies were all retrospective analysis. Finally, although no evidence of significant publication bias was noted in OS meta-analysis, there was significant publication bias in DFS meta-analysis. Several reasons may lead to the publication bias. On the one hand, our study included only published articles and meanwhile they were all written in English. On the other hand, studies with positive results were more submit your manuscript | www.dovepress.com
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Conclusion
In summary, our study demonstrated that increased pretreatment LMR is correlated with significantly favorable outcomes in patients with solid tumors. We consider that LMR, a widely available, inexpensive, and robust inflammatory biomarker, could be widely used to evaluate the prognosis of solid tumors. However, because all studies included in our meta-analysis were retrospective, larger prospective, and multicenter studies should be performed to confirm the predictive value of LMR. Future studies based on large sample to explore a definitive LMR cut-off value are also recommended. Additionally, specific therapies or interventions to modify a low pre-treatment LMR level may be proven to be beneficial in improving the prognosis of patients with solid tumors. Targeting systemic inflammation may be an effective treatment for tumor patients with low LMR. All of these possibilities are necessary to be addressed in the near-future studies.
